



EXAMINATION AS AN AID IN 
LUNG CANCER OPERATIONS 
To assess the extent of tumor invasion in lung cancer, my colleagues and I 
routinely use preoperative transesophageal ultrasonic endoscopy and intraop- 
erative ultrasonography in addition to preoperative roentgenography, com- 
puted tomographic scanning, and other standard procedures. Both trans- 
esophageal ultrasonic endoscopy and intraoperative ultrasonography allow for 
a real-time assessment of the extent to which the lung cancer has invaded 
adjacent organs and are useful in determining the operability and safety 
margin of the involved organ or organs. We found intraoperative ultrasonog- 
raphy to be more accurate than transesophageal ultrasonic endoscopy, because 
intraoperative ultrasonography can be done at any time during the operation, 
as needed, and the probe can be directly applied to the desired location from 
a variety of angles. In contrast, when transesophageal ultrasonic endoscopy is 
used, the presence of air in the lung tissue can interfere with an accurate 
evaluation of some aspects of the tumor. Our results indicate that the 
sensitivity of transesophageal ultrasonic endoscopy and intraoperative ultra- 
sonography is 68.4% and 100%, respectively, and the specificity is 81.3% for 
transesophageal ultrasonic endoscopy and 95.5% for intraoperative ultra- 
sonography. (J THORAC CARDIOVASC SURG 1995;110:606-12) 
Toshiki Tatsumura, MD, PhD, Toyama, Japan 
R ecent advances in perioperative management have introduced more aggressive approaches to 
the combined surgical treatment of cases of lung 
cancer in which the tumor has invaded adjacent 
related organs. 
Combined resection of the involved chest wall in 
lung cancer has provided a favorable 5-year survival 
of 20% to 35%. TM Smith 5 reported a good surgical 
result in patients with involvement of the left atrium, 
and my colleagues and [ 4 have observed a 5-year 
survival of 47.8% in patients with pericardial in- 
volvement. We also reported on a patient with 
combined resection of the left atrium and the pres- 
ence of positive mediastinal nodal metastases; the 
patient is still alive and free of disease 7 years and 4 
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months after operation? However, in cases involv- 
ing the great blood vessels, the results of surgical 
treatment have been poor. 4'6 In view of these 
results, it is essential to carefully select patients 
before applying such aggressive combined resection 
procedures. The use of ultrasonographic techniques, 
both preoperatively with transesophageal ultrasonic 
endoscopy (EUS) and intraoperatively with intraop- 
erative ultrasonography (IUS), makes it possible to 
accurately assess the extent to which the primary 
lung cancer has invaded the adjacent organs. This 
significantly assists in the determination of preoper- 
ative staging, the operability of the cancer, and the 
range of resection. In the present study, I assessed 
the diagnostic sensitivity, specificity, and accuracy of 
these two techniques as applied to lung cancer 
operations. 
Patients and methods 
Since early 1980, both EUS and IUS have been inte- 
grated into the routine preoperative examination protocol 
for all patients with lung cancer, and IUS has been used 
intraoperatively where invasion of one or more adjacent 
organs was observed or suspected. I used a Toshiba- 
Machida (Tokyo, Japan) EPB-503BL ultrasonic endo- 
scope, which uses a linear scanning mode with a central 
frequency of 5 MHz. Images were displayed on a Toshiba 
SAL-50A monitor. An Aloka SSD-330 (Tokyo, Japan) 
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Table I. Accuracy of EUS in assessing the existence 
of mediastinal invasion by a lung tumor 
Pathologic diagnosis 
EUS Invasion No invasion 
Invasion 13 3 
No invasion 6 13 
Total 19 16 
Table II. Accuracy of IUS in assessing the existence 
of tumor invasion of adjacent organs 
Pathologic diagnosis 
IUS Invasion No invasion 
Invasion 12 1 
No invasion 0 21 
Total 12 22 
instrument was used for IUS, and the frequency used was 
either 5.0 or 7.5 MHz. The probes used for IUS included 
a linear type T and type I and a convex type. Ultrasono- 
grams were recorded with video and Polaroid cameras. 
As with a conventional endoscopic examination of the 
upper gastrointestinal tract, the patient is instructed to 
fast before EUS. The ultrasonic endoscope is inserted 
orally and rotated 360 degrees around the entire medias- 
tinum to exanaine the condition of mediastinally ocated 
organs, including the lymph nodes. The diagnostic criteria 
for a positive finding of mediastinal involvement are as 
follows: (1) ultrasonographic findings show the tumor 
extending into a mediastinal organ or organs, (2) defor- 
mation or disappearance of the histologic structural layer 
of adjacent organs is observed, or (3) movement associ- 
ated with normal respiratory or cardiac motion is not seen 
during the real-time observation. The presence of any of 
these findings suggests tumor invasion into mediastinal 
organs. 
IUS is done by applying the probe directly to the tumor 
and related adjacent organs during the operation. Hence 
the probe or probes can be applied at any time and from 
any direct!on during the operative procedure to accurately 
assess the extent of the disease. The procedure can be 
done by directly pressing the probe firmly against he 
target organ or organs or through a water bag. The 
diagnostic riteria are the same as those for EUS. 
In the present study, 71 patients with primary lung 
cancer were subjected to EUS before the operation to 
assess the extent of tumor invasion into the mediastinal 
organs. All of these patients eventually underwent an 
operation I and all of the resected specimens were care- 
fully examined for histopathologic evidence of invasion of 
the related organ or organs by the primary lung tumor. 
IUS was used in 34 cases in which invasion of the primary 
lung eancer 1Lo the surrounding organs was observed or 
suspectedl These included cases of centrally located lung 
cancer with involvement of mediastinal organs and pe- 
ripheral lung cancer with chest wall involvement. In these 
cases, IUS was used as an aid in the determination of
resectabifity of the tumor and the amount of tissue to be 
resected because the extent of the involvement of the 
related o~gan or organs was difficult m precisely assess by 
visual inspection or palpation alone. Informed consent 
was obtained from each patient before any of these 
procedures were done. 
Results 
Among the 71 cases tudied, EUS was only able to 
detect primary lung tumors in 35 cases. This is 
because EUS can only detect hose tumors that are 
medially located in the vicinity of the esophagus: 
other locations are obscured by the air in the lung. 
Table I shows the results of the EUS examinations 
of these 35 cases. In 16 cases, the EUS examination 
led to a preoperative diagnosis of mediastinal organ 
invasion by the primary tumor. Of these 16 cases, 13 
were confirmed to involve mediastinal organ inva- 
sion on pathologic examination of the resected 
tissue. However, in the remaining 3 cases, no tumor 
invasion of the mediastinal organs was found. In 19 
cases, the EUS examination led to a preoperative 
diagnosis of negative mediastinal organ invasion by 
the primary tumor. In 13 of these cases, pathologic 
examination of the resected tissue confirmed this 
diagnosis. However, in 6 cases in which the original 
diagnosis found no mediastinal organ involvement, 
tumor invasion was eventually found during patho- 
logic examination of the resected tissues. In this 
study, the sensitivity of EUS was 68.4%, the speci- 
ficity was 81.3%, and the accuracy was 74.3%. In 
addition, false-positive (18.8%) and false-negative 
(31.6%) findings were prevalent with this method 
(Table I). 
In contrast, in 12 of the 13 cases in which IUS led 
to a positive diagnosis of tumor invasion of nearby 
organs, the diagnosis was confirmed on pathologic 
examination of the resected tissue (Table II). With 
IUS, there was only one false-positive diagnosis out 
of 13 (7.7%) and there were no false-negative 
results. In this study, the sensitivity rate of this 
technique in assessing the extent of tumor invasion 
was 100%; the specificity was 95.5% and the accu- 
racy was 97.1%. This suggests that IUS is much 
more reliable than EUS in the evaluation of primary 
lung tumor invasion of adjacent organs. 
Several typical examples of the echographic fea- 
tures revealed by EUS and IUS are illustrated in 
Figs. 1 through 4. 
Discussion 
In the combined resection of adjacent organs 
during lung cancer operation, an accurate preoper- 
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Fig. 1. A, Real-time preoperative examination by EUS clearly revealed that a large part of the left atrium 
(LA) was invaded by a hilar-originating squamous cell carcinoma (T). Intrusion of the tumor into the atrial 
cavity was noted in this ultrasonogram. Serial observations by EUS clearly indicated that, to extirpate the 
tumor, a large portion of the left atrium had to be resected, which would result in incompetence of the left 
atrium. This information prevented unnecessary operative intervention i this patient. B, Moreover, when 
the fiberscope was retracted orally, the primary tumor (T) was also found to have invaded the carina, and 
the right main pulmonary artery (PA) was elevated anteriorly. 
ative assessment of the extent of tumor invasion into 
the adjacent organ or organs is important. The 
organs that may be involved include the pericar- 
dium, aorta, superior vena cava, main pulmonary 
vessels, left atrium, chest wall, and diaphragm, 
among others. Nevertheless, routine conventional 
examination methods such as chest roentgenogra- 
phy, computed tomographic (CT) scanning, angiog- 
raphy, bronchography, magnetic resonance imaging 
(MRI), and other methods ometimes yield insutIi- 
cient information for an accurate preoperative de- 
termination of the extent of the invasion of the 
tumor into mediastinal organs. Even during an 
operation, the exact extent of invasion of a tumor 
into adjacent organs can sometimes be dillicult to 
determine by visual inspection or palpation alone. 
This can sometimes cause an overestimation or 
underestimation of the extent of the cancer, and too 
little or too much tissue may be removed. In our 
department we apply EUS to all patients with lung 
cancer before operation and routinely use IUS 
intraoperatively on those patients in whom tumor 
invasion into an adjacent organ or organs is ob- 
served or suspected. This allows us to accurately 
evaluate the extent o which the primary tumor or 
metastatically affected nodes have invaded the me- 
diastinal organs or the chest wall and to determine 
the operability of the tumor and the optimal range 
of resection. Moreover, since early 1980, 4,7-9 we 
have used EUS in all patients with lung cancer, in 
addition to CT scanning and MRI, to more accu- 
rately determine the mediastinal staging of the 
lymph nodes. 
The present study demonstrates that both EUS 
and IUS are extremely valuable tools for the 
preoperative and intraoperative assessment of 
lung cancers. However, although EUS was supe- 
rior in detecting tumor invasion to mediastinal 
organs such as the main pulmonary vessels, the 
aorta, the cardiac ompartment (especially the 
left atrium), and those organs located in the 
subcarinal and aortopulmonary window area, it 
was unreliable in the assessment of those organs 
located away from these areas. 
The use of EUS in the assessment of mediastinal 
involvement and lymph node metastasis associated 
with lung cancer is rarely noted in the literature. To 
my knowledge there have been only two such re- 
The Joumal of Thoracic and 
Cardiovascular Surgery 
Volurne 110, Number 3 
Tatsumura 609 
Fig. 2, Squamous cell carcinoma of the left hilum with invasion of the left atrium (IUS). Invasion of the 
left atrium (A) by the tumor (T) is clearly seen in this echogram. Note the irregular notches and indentation 
of the invaded atrial wall produced by the infiltration of the tumor. No movement of the atrial wall at the 
edge of the tumor invasion could be seen during real-time observation. The IUS observations in this patient 
confirmed that combined resection of the atrial wall was possible and the operation was done successfully 
with use of large vascular clamp. 
ports, one of which concerns a case that involved 
aortic infiltration by lung cancer, m whereas the 
other described a small number of cases in which 
EUS was used to evaluate lymph node metastasis, n 
Intraoperative application of ultrasonography 
during lung cancer operation has been reported by 
Machi and associates. 12They assessed the extent of 
cardiovascular invasion by the tumor during lung 
cancer operation and reported an accuracy of 
91.7%. The)' compared this method with preopera- 
tive examination with CT scanning and angiography 
and found intraoperative use of ultrasonography to 
be rar superior. However, no detailed information 
was provided in these later two studies. In the 
present study, I found that IUS had an accuracy of 
97.1% and a specificity and sensitivity greater than 
95%. This is in good agreement with our previous 
results 4, 8, 9 and further confirms the usefulness of 
IUS in the perioperative analysis of lung tumors. 
Therefore I strongly recommend the routine use of 
this technique in the practice of lung cancer surgery, 
particularly in those patients in whom tumor inva- 
sion of the adjacent organ or organs or lymph node 
metastasis observed or suspected. 
In this study, the diagnostic sensitivity of EUS 
(68.4%) was found to be low, with a particularly high 
prevalence of false-negative r sults in cases in which 
the tumor had invaded the pericardium or medias- 
tinal pleura. However, this is close to the sensitivity 
of more conventional examination methods uch as 
CT scanning and MRI. Musset and colleagues 13
used CT scanning and MRI to evaluate cases of T3 
disease and found that the sensitivity of these two 
methods was only 53% and 60%, respectively. Webb 
and colleagues 14evaluated the ability of CT scan- 
ning and MRI to distinguish T3 and T4 tumor 
locations from the size of the tumor and reported a
sensitivity of 63% and a specificity of 84% for CT 
scanning and a sensitivity of 56% and a specificity of 
80% for MRI. Similarly, Martini and associates is 
used these methods to evaluate tumor invasion into 
the mediastinal organs and found a sensitivity of 
55% for CT scanning and 64% for MRI. There was 
no consistently significant difference between the 
sensitivity of CT scanning and MRI in these studies. 
Nevertheless, Fig. 1 shows that EUS can be useful in 
some cases in the preoperative determination of the 
extent of the tumor and its operability. This can 
alleviate the need for maw unnecessary exploratory 
surgical procedures in some cases. Nevertheless, 
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Fig. 3. Squamous cell carcinoma of the right hilum 
(IUS). The large tumor had spread over the right main 
pulmonary artery (PA). It was difficult to outline the 
actual extent of the whole tumor into the involved pulmo- 
nary artery by palpation and observation alone because of 
size of the tumor. However, as shown hefe, the main 
pulmonary artery (white arrow) was found to be nearly 
intact and invasion of the tumor (black arrows) to periph- 
eral parts of the pulmonary artery was clearly revealed as 
severe uneven notches or a "mothy" appearance of the 
regions that had been invaded by the tumor. In this case, 
IUS was able to provide the information ecessary to 
determine the operability of the tumor and the appropri- 
ate extent of resection of the involved tissue. A pneumo- 
nectomy was done in this case. 
EUS is useful for the determination of the extent of 
tumor invasion into tissue in the vicinity of the 
esophagus. 
In cases in which the chest wall has been invaded 
by lung cancer, it is sometimes difficult to reliably 
assess the exact extent of the invasion of the tumor, 
especially when the disease is complicated by in- 
flammatory adhesion between the tumor and the 
involved organ or organs. In such cases, overestima- 
tion or underestimation f the extent of the invasion 
Fig. 4. Peripherally located squamous cell carcinoma 
with invasion to the ribs (IUS). This real-time chogram 
was done after the prethoracic tissues were opened. The 
probe was directly aimed at the involved bare chest wall. 
The ribs (arrows) were severely invaded by the tumor (T), 
which extended into the marrow portion of the involved 
ribs and int0 the intercostal muscles. Moving the probe 
between the invaded and normal portions of the rib 
during the operation allowed assessment of safety margin 
of the rib. 
may occur with roentgenographic or CT preopera- 
tive examinations or with intraoperative palpation. 
Moreover, correct assessment of the invasion to the 
periosteum, bony structures, or bone marrow por- 
tion of the ribs is difficult with use of the conven- 
tional methods described. In such cases transtho- 
racic ultrasonography and IUS would be useful in 
distinguishing the extent of the invasion of the 
tumor and in determining the safety margin of the 
ribs to be resected (Fig. 4). One of the significant 
advantages of IUS is that it can be applied repeat- 
edly throughout the operation and from any angle 
necessary to obtain the desired information about 
the tumor. An IUS examination is of similar benefit 
in the assessment of the degree to which mediasti- 
nally located organs have been invaded by the 
tumor. 
Usually, tumors that have invaded the ventral and 
lateral portions of the left atrium can be easily 
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defined after the pericardium is opened. However, 
when there is extensive tumor invasion involving the 
dorsal aspect of the atrium (as in Fig. 2), it is almost 
impossible to assess the entire extent of the tumor 
by palpation alone. The use of IUS allows the entire 
contour of the tumor within the atrium to be clearly 
outlined. In one such case (Fig. 2), the atrium was 
successfully resected in combination with the tumor 
by use of a large vascular clamp. Cardiopulmonary 
bypass was not used in this case, and the patient is 
still alive 7 years and 4 months after the operation, 
with no evidence of recurrence of the tumor or of 
distal metastasis. 
In the case illustrated in Fig. 3, cancerous and 
inftammatory processes resulted in adhesion and 
invasion of the tumor to the surrounding tissues, and 
shortening of the main pulmonary artery was noted. 
These features and the large size of the tumor made 
it ditIicult for the surgeon to assess the precise xtent 
of tumor invasion into the main pulmonary artery, 
its branches, and surrounding tissues. However, with 
the assistance of IUS, the surgeon was able to assess 
the extent of the tumor without pefforming the 
extensive dissections that would have been neces- 
sary to allow the tumor to be reached for palpation. 
This prevented unnecessary surgical intervention i
the patient. However, in less advanced cases, with 
less pronounced tumor invasion, palpation or visu- 
alization will usually be sufficient o define tumor 
invasion. 
Moreover, the diagnostic riteria for a positive 
finding of mediastinal involvement by use of an 
ultrasonogram (see Methods ection) are applicable 
to all cases with tumor invasion, including those 
cases with involvement of the great vessels uch as 
the aorta or superior vena cava. Diagnosis of intru- 
sion of the tumor into these vessels, and the disap- 
pearance or deformation of the vascular wall, is 
greatly facilitated by the use of IUS. Without IUS, 
the adhesion to, or invasion of, the adventitia by the 
tumor may be underestimated or overestimated. 
Suzuki i Saitoh, and Kitamura 16 compared the 
diagnostic efficacy of ultrasonography and CT sean- 
ning in the evaluation of chest wall invasion by lung 
cancer. They reported that ultrasonography was far 
superior to CT scanning, with a high sensitivity of 
100%, a specificity of 98%, and an accuracy of 98%. 
Moreover, Glazer and assoeiates, 17 in their review 
of the efficacy of CT scanning in the assessment of
chest wall invasion, reported a sensitivity of 87% 
and a disappointing specifieity of only 59%. Pennes 
and colleagues is found CT scanning to be eren less 
effective, with a sensitivity of only 38% a specificity 
of 40%, and an accuracy of 39%. 
In lung cancer complicated by invasion to adja- 
cent organs, an improved prognosis can be achieved 
by a combined resection of the involved organ or 
organs together with the lung cancer and en bloc 
lymph node dissection i  selected cases. Ultrasonog- 
raphy, which is a noninvasive technique when done 
by transthoracic methods or IUS, should be actively 
adopted as a routine practice in the treatment of 
patients with lung cancer with invasion of the tumor 
into an adjacent organ or organs. EUS is also weil 
tolerated by patients if it is done by a skilled 
physician. Both of these techniques, combined with 
conventional methods, can significantly improve the 
ability of the surgeon to make accurate decisions 
concerning patient reatment, he optimal operative 
method, and the safety margin of the resection. 
I thank Dr. M. Kasashima nd Dr. S. Koyama for their 
technical assistance andMiss K. Fujii for her assistance in
the preparation f this manuscript. 
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